The proton lifetime in the Tevatron depends sensitively on chromaticities. T w low chromaticities can make the beam unstable due to the weak head-tail instability. One way to compensate this effect is to introduce octupoles to create a larger amplitude dependent betatron tune spied. However, the use of octupoles will also introduce additional side effects such as second order chromaticity, differential tune shifts and chromaticities on both proton and anti-proton helices. The non-linear effects may also reduce
INTRODUCTION
In the Tevatron at injection energy, the transverse weak head-tail phenomenon drives proton beam unstable if it is not damped. Before the transverse dampers were commissioned, the damping was done by setting the chromaticities to relatively high values of 8 units in both planes. On the other hand, the beam lifetime at injection energy depends sensitively on chromaticity. In principle, a lower chromaticity would help to decrease the growth of higher order modes of instability, and improve the DA(Dynamic Aperture), and consequently the beam lifetime. However, too low chromaticities can make the beam unstable [21. Currently, the Tevatron is running with tranverse and logitudinal dampers. Better beam lifetime is observed when the chromaticity decreased from 8 units to 2 units. Another way to compensate the instability of the protons is to introduce octupoles to create larger amplitude dependent betatron tune spread. If the shifted coherent tunes due to wake fields is within the width of the incoherent betatron tune spread or spread in synchrotron tunes, all unstable higher order modes can be damped by Landau damping. Table 1 lists the number and the average beta function and the dispersion of two octupole families we used for the simulations. The use of octuples will also introduce additional side effects on both proton and anti-protons. These effects are second order chromaticity, addtional coupling and non-hearty. Octupoles will also produce differential tune shift and linear chromaticities on both proton and pbar helices.The purpose of this simulation is to tind the best combinations of polarities and strengths of the octupoles. 
THE AMPLITUDE-DEPENDENT " E SHIFT DUE TO OCTUPOLES
The field due to an octupole in terms of the multipole components (b,,a,) is 
At present machine conditions, the proton emittance is 25nmm-mrad(95%). For the p d c l e with initial ampplidute of 50, we can get the expression for the octupole's strengths which are needed to compensate the decrease of tune spread due to lowering the chromaticities as follows:
QUANTITIVE CALCULATION FOR THE OCTUPOLE STRENGTH
All unstable higher order modes of the weak head-tail effect can be damped if the spread of betatron frequency which has the incoherent tune shift included,or the spread of synchrotron frequency are larger than the coherent tune shift due to the impedance [Z] .
The growth rate of head tail modes measured at 150 GeV is about 1 IOIsec, and the coherent tune shift is AveOh=-l. x lo-' [ 3 ] . On the other hand, the synchrotron tune spread at 150 GeV is calculated to be AV,= 2.2 x
The incoherent linear tune shifts in both x and y planes due to the space charge for the particle near the center of the proton bunch with 3-D Gaussian density distribution are also cal- Using the code SIXTRACK we have also calculated the chaotic border which separates regular librator motion from fast amplitude growth. Table 2 lists DAs and chaotic borders at different chromaticities. calculated using code SIXTRACK. The momentum deviation in this calculation is dp/p=4.3e-4. Small chromaticities help to improve long term dynamic aperture since chromaticity sextupole strength are reduced, and synchro-betatron resonances are weaker.
Then, the octupole strengths calculated from Eq. 7 for TOZF and TOZD are Table 2 : Dynamic aperture and chaotic border of protons(p) and anti-protons (p7 at injection Chromaticities (83) (2.8) (2, 2) I is the magnet currents of octupoles.
DYNAMIC APERTURE TRACKING WITH AND WITHOUT OCTUPOLES
Before the octupoles were introduced into the lattice, we calculated the dynamic aperture at different chromaticities. Fig. 1 shows DAs of protons and pbars in function of momentum deviation at different chromaticities. The particles were tracked 100,000 tums by code MAD. We can see that the DAs of p b m at chromaticity of 2 units are 0.50 larger than those of 8 units, although the DAs of protons seem not much improved.
In the machine, when we reduce the both or one plane chromaticities from 8 units to 2 units, pbar lifetime was observed significately increased(from2hrs to 12hrs). while proton lifetime of protons increased not so much. T h~s may be because the proton beam is tickled by the damper kicker.
We used octupole strength Table 3 .
From Table 3 we can see that if TOZF is positive, the dynamic aperture and chaotic border are larger than the other Table 3 : Dynamic Aperture and chotic boder with/without octupoles combinatons. We also analyzied the coefficents a I .a2,a3 in !2q. 5 for each combination. We expect that a I and a3 must be much larger than a2. so that the tune spread will be less dependent on the coupling term. On the other hand, a I and a, increase with octupole strength. It was found that both a, and a3 are increasing but a2 is decreasing if TOZD is also positive. This implies that the tune spread will be increased for larger amplitude particles, while the coupling effects will be lower.
With k3(F)=2, k 3 ( D ) = l , and chromaticity set at (&=&=2). we calculated the dynamic apenure and chaotic border of the anti-protons. It was found that the average DA is 5.60, the chaotic border is 5 . 1~.
The machine study of octupoles at the Tevamn injection energy has been done by P. lvanov in Tevatron department. A single coalesced proton hunch with relative higher intensity was injected onto the central orbit, and then two octupole families TOZF and TOZD were introduced to suppress the tranverse coherent instability while reducing the chromaticities in both x and y planes. Different combinations of polarities of two octupole families have been tested, and it was found positive polarity for both families are the best, which confirmed OUT calculations by simulation. So far, high intensity proton beams(N,=280-300e9 per bunch) have been successfully injected onto the central orbit with small(zero) chromaticity setting and octupole settings k3(F)=1.6, k3(D)=4.1. Nevertheless, beam loss occured while going from injection hump to the proton helix -probably because uf significant tune changes and strong coupling due to orbit motion. Further study in the machine is in progress.
CONCLUSION
The optimized combination is found by Dynamic Aperture tracking that both octupole families need to be posotive, it was confirmed by machine studies at the Tevatron.
Stronger octupole streangths have been tried and it's found that they are not better for the compensation. Besides, the tune shifts feeddown from octupoles on the helices are larger, and it is more difficult to make feeddown sextupoles work.
